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Abstract

Objective—To determine the association between poor sleep quality, fatigue, and self-reported
safety outcomes among Emergency Medical Services (EMS) workers.

Methods—We used convenience sampling of EMS agencies and a cross-sectional survey design.
We administered the 19-item Pittsburgh Sleep Quality Index (PSQI), 11-item Chalder Fatigue
Questionnaire (CFQ), and 44-item EMS Safety Inventory (EMS-SI) to measure sleep quality,
fatigue, and safety outcomes, respectively. We used a consensus process to develop the EMS-SI,
which was designed to capture three composite measurements of EMS worker injury, medical
errors and adverse events (AE), and safety compromising behaviors. We used hierarchical logistic
regression to test the association between poor sleep quality, fatigue, and three composite
measures of EMS worker safety outcomes.

Results—We received 547 surveys from 30 EMS agencies (a 35.6% mean agency response rate).
The mean PSQI score exceeded the benchmark for poor sleep (6.9, 95%CI 6.6, 7.2). Greater than
half of respondents were classified as fatigued (55%, 95%CI 50.7, 59.3). Eighteen percent of
respondents reported an injury (17.8%, 95%CI 13.5, 22.1), forty-one percent a medical error or
AE (41.1%, 95%CI 36.8, 45.4), and 89% (95%CI 87, 92) safety compromising behaviors. After
controlling for confounding, we identified 1.9 greater odds of injury (95%CI 1.1, 3.3), 2.2 greater
odds of medical error or AE (95%ClI 1.4, 3.3), and 3.6 greater odds of safety compromising
behavior (95%CI 1.5, 8.3) among fatigued respondents versus non-fatigued respondents.

Conclusions—In this sample of EMS workers, poor sleep quality and fatigue is common. We
provide preliminary evidence of an association between sleep quality, fatigue, and safety
outcomes.

Address correspondence to: Daniel Patterson, PhD, University of Pittsburgh, Emergency Medicine, 230 McKee Place, Suite 400,
Pittsburgh, PA 15213. pattersond@upmc.edu.
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Introduction

Methods

Poor sleep quality and fatigue among health care workers contributes to poor safety
outcomes such as error and injury.> Annually, medical errors and adverse events (AE) affect
hundreds of thousands of patients and contribute to as much as $28 billion in additional
healthcare costs.2 The World Health Organization (WHO) identified fatigue as a leading
factor in medical error and injury in healthcare.3 The Accreditation Council for Graduate
Medical Education has twice recommended reductions in work time for medical trainees due
in part to concerns about fatigue.? Little is known about the linkage between fatigue, sleep,
and safety in Emergency Medical Services (EMS); a high-risk environment for patients and
providers.

The risk of negative outcomes for the EMS worker and patient is high and different from
risks from within the hospital. For example, the EMS worker makes a decision to provide
medication or other treatment within minutes or even seconds of establishing a general
impression of patient and condition. These decisions are made while in a fast-paced and
uncertain environment where the patient and bystanders can be violent, create distractions or
disrupt care delivery. Decisions are based on written protocols and radio-enabled assistance
from a medical oversight physician. Care may be delivered with some assistance from a
single partner, an EMT or paramedic. Most often the paramedic or EMT is in control of
patient care alone in the back of an ambulance. In contrast, decisions in the in-hospital
setting may involve a team of attending and resident physicians, nurses, technicians, and
specialists. In-hospital decisions for care delivery may be aided by computerized patient
order entry (CPOE), which can filter decisions and alert clinicians of potential errors before
they occur.

EMS workers must be alert and vigilant at all times to prevent errors in protocol and injury
to patients or each other. Commonly identified errors in EMS care include deviating from
protocol, failure to secure a patient’s airway, dropping a patient from a stretcher, and
mistakes in administration of medication.>—8 Threats to the EMS worker’s personal safety
include violent patients and bystanders, high-speed ground or air-medical transports, lifting
and moving patients, and exposure to hazardous materials and contaminated substances and
needles.? Rates of EMS worker injury and death while on the job exceed that of the general
public.%-12 Many EMS workers hold multiple public safety jobs, routinely working 50 hours
or more per week.13-16 Unlike resident physicians, the U.S. EMS worker faces few
restrictions on hours worked or number of agencies employed.

A recent study determined that a high proportion of EMS workers suffer severe fatigue
while at work and generally have poor sleep quality.18 There is no known research of the
link between sleep, fatigue, and patient and EMS safety outcomes. The purpose of this study
was to use previously tested and psychometrically sound surveys to examine the association
between sleep quality, fatigue, self-reported injury, adverse events or medical errors, and
safety-compromising behaviors.

Recruitment of Study Sample

We recruited EMS managers affiliated with an EMS management group with a total
membership of 2,253 managers (The National EMS Management Association). The
NEMSMA does not maintain a detailed repository of agency-level demographic data for the
agency to which each EMS manager is affiliated. We were unable to offer a summary of the
common demographic characteristics of member agencies that did not participate in our
study. We distributed a standard recruitment letter and study flyer on the member email
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Listserv. This letter and flyer directed agencies to a designated study website
(www.EMSARN.org). This site was populated with information about the research study.
Agencies willing to participate contacted the study team.

Survey Sampling of EMTs

At baseline, agencies provided limited demographic data on potential EMS worker
respondents employed at the agency. We used a secure online survey system developed and
maintained by the University of Pittsburgh Center for Research on Health Care Data Center.
Agency administrators used this system to distribute a standard email from the University of
Pittsburgh to EMS workers. The email contained standardized text and information about
the study and a link to the secure online survey. The EMS worker completed the survey,
selected the “opt-out” option, or took no action. The survey link was available from January
to June 2010. Completed survey data were stored on a secure server. We received a coded
dataset with agency identification numbers linked to randomly generated survey
identification numbers and survey responses at the end of the study period. We gave a $100
gift card to the agency with the highest response rate.

Survey Instruments

We measured sleep quality with the 19-item Pittsburgh Sleep Quality Index (PSQI).17 The
PSQI evaluates the respondents sleep quality across seven constructs: Subjective Sleep
Quality, Sleep Latency, Sleep Duration, Habitual Sleep Efficiency, Sleep Disturbances, Use
of Sleeping Medications, and Daytime Dysfunction. Respondent answers to each question
were weighted from 0-3 and possible scores ranged from 0-21. A score of >5 indicates poor
sleep quality.1”

We measured fatigue at work with the 11-item Chalder Fatigue Questionnaire (CFQ)
adapted for the EMS work environment.16 The CFQ evaluates both physical and mental
fatigue.18 Adapted items reference EMS work (i.e. “Do you feel weak?” was modified to,
“Do you feel weak during your EMS shifts?”). Respondents recorded their answers on a 4-
point Likert scale: Always, Sometimes, Rarely, or Never. We followed Chalder’s prescribed
method for scoring responses as Always=1, Sometimes=1, Rarely=0, and Never=0.
Respondents with scores >4 are classified as fatigued. Both the PSQI and CFQ have been
widely used in clinical and occupational populations — including EMS workers.16

We reviewed the literature and identified limited standards for capturing safety outcomes in
EMS. We developed a new 44-item survey tool to elicit safety outcomes data using self-
report by EMS personnel, the EMS Safety Inventory (EMS-SI). The development process
began with assembling a panel of EMS medical directors, EMTs and paramedics, and
epidemiologists. This panel developed a list of draft candidate items for the EMS-SI.19 We
used a Delphi-like (consensus driven) iterative process to review and eliminate or endorse
each item based on content and face validity. Panelists grouped items into composite
measures of safety analogous to the Patient Safety Indicator (PSI) tool developed by the
Agency for Healthcare Research and Quality (AHRQ).20 Items were grouped into three
composite measures of provider injury (n=2-items; i.e., “l was injured during a shift.”),
medical errors or adverse events (n=25-items; i.e., “I accidentally dislodged an ET tube.”),
and safety-compromising behaviors (n=17-items; “I have greatly exceeded the speed limit
while responding lights and sirens.”).

We used the same consensus driven process to develop two nominal 7-point Likert scales to
capture EMS-SI responses. Response options included on the first scale include: “definitely
not,” “probably not,” “I’m not sure,” “probably yes,” “definitely yes,” “do not wish to
answer,” or “not applicable to me.” Response options on the second scale include: “ran out
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of time,” “forgot to perform,” “not part of protocol,” “did not think it necessary,”
“contraindicated,” “do not wish to answer,” and “not applicable to me.” The expert panel
considered five responses credible indicators of negative patient or provider safety
outcomes: “Probably Yes,” “Definitely Yes,” “Ran Out of Time,” “Forgot to Perform,” and
“Did Not Think it was Necessary.” See Appendix A for a list of EMS-SI items and response
options.

Respondents completed a 15-item demographic survey that included: sex, age in years,
certification (EMT-Basic or EMT-Paramedic), years of EMS experience, employment status
(full time, part time, volunteer only), total shifts worked last month (stratified into 3
categories based on the 25M and 75t percentiles of collected data; 0-5, 6-15, >16), type of
shift most commonly worked (24hr, 12hr, <8hr), status of working at more than one EMS
agency (yes, no), rating of general health (excellent, good, fair, poor), ever told by physician
to have (diabetes, high blood pressure, heart problems, sleep apnea, breathing problems,
arthritis, weight problems, migraines, depression), race and ethnicity, smoking status,
alcohol consumption, and height and weight.

Analysis of Data

We calculated standard measures of reliability and instrument validity to evaluate the
psychometric properties of the CFQ in this study sample. We calculated Cronbach’s
coefficient Alpha and Pearson product moment score-total coefficients to test the internal
consistency/reliability of our survey tools. Cronbach’s Alpha values above 0.70 are
interpreted as a positive sign for instrument reliability.2 We used Confirmatory Factor
Analysis (CFA) to test model fit and determine if the items used to measure fatigue actually
measured the hypothesized constructs of mental and physical fatigue.22 We report a standard
set of measures of model fit and construct validity: the Goodness of Fit Index (GFI), the
Standardized Root Mean Square Residual (SRMR), Bentler’s Comparative Fit Index (CFI),
the Bentler & Bonett’s Non-Normed Fit Index (NNFI), Bentler & Bonnett’s Normed Index
(NFI), item-construct Pearson correlation coefficients, and Pearson construct-to-construct
correlation coefficients. A SRMR less than 0.08, GFI, CFI, NNFI, and NI approaching 0.9,
and item-construct Pearson correlations >0.40 and construct-to-construct Pearson
correlation coefficients that are less than construct Cronbach’s alpha coefficients are
considered acceptable indices of instrument validity and model fit.22-26 We did not perform
CFA on PSQI constructs. The PSQI score calculations require use of multiple similar items
across constructs. We did not perform CFA on the EMS-SI because it was not designed to
measure latent constructs of safety outcomes.

We calculated frequencies and percentages to describe agency-level and individual-level
demographic information. We used Wald chi-squaretests to evaluate differences between the
proportions of EMS workers classified as fatigued, with poor sleep quality, injured, had
committed an error, and perceived compromised safety across agency and respondent
factors while accounting for within-agency clustering. We selected the Wald chi square test
over the Rao-Scott chi-square because the latter test assumes random and non-complex
sampling. Alpha was set at 0.05 for all comparisons. We used cluster-adjusted odds ratios to
quantify the association between exposure to sleep and/or fatigue and the designated
outcomes. We used cluster-adjusted (hierarchical) logistic regression to adjust for agency
and respondent factors that may alter variations observed in bivarate analyses. The cluster-
adjusted hierarchical logistic regression models accounts for the lack of independence that
groups of respondents have with a particular agency. We followed conventional model
building guidelines and included only those variables significant in bivariate analyses. We
used chi-square tests to check for collinearity prior to model building. When collinearity was
detected we specified a model with variables most strongly associated with fatigue, sleep,
and the outcome of interest. We included the variable *shift length most commonly worked’
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in all models because of interest in the association between extended work hours and safety
outcomes in healthcare.2”- 28 We included rural/urban status and a three-level categorical
variable, agency call volume, in bivariate and multivariable analyses. Rural/urban status was
defined based on the Rural Urban Commuting Area (RUCA) designation linked to the
agency’s physical address. We stratified agency call volume into three stratums based on the
variable’s non-normal characteristics and tertile distribution; <5,000, 5,001-15,000,
>15,000. We performed all analyses with SAS Version 9.2 (Cary, North Carolina).

Sample Demographics

We received 556 survey responses from all four US census regions with most participating
agencies and respondents located in the Midwest and Northeast (Table 1). Nine respondents
selected the “opt-out” option and did not complete a survey. Thirty-six surveys were
incomplete and excluded. Complete survey data was present for 511 surveys. The mean
agency response rate was 35.6% (range 4.9% to 78.1%). The most common type of agency
self-classification was “other” (40%) and greater than three-fourths self-identified ownership
as private non-profit (83%). Three-quarters of agencies (73%) employed between 21 and
100 EMS workers. Nine of every 10 respondents (94%) self-identified as white and 74% as
male (Table 2). The mean age of respondents was 37 years (SD 10.6). Greater than half of
respondents were certified as an EMT-Paramedic (59.5%) and had 10 years or less of EMS
experience (51.5%). The largest stratum for employment status was full-time (75%) and
most respondents reported working between six and 15 shifts per month (59%). Half of
respondents reported regular shift lengths of 24-hours (49%) and one-third of respondents
(34%) were actively working at more than one EMS agency. Three quarters (76%) of
subjects were classified as overweight or obese and more than half reported one or more
health problems. Most respondents were affiliated with agencies located in the Midwest and
Northwest Census regions (72.6%), a 3" Service/Government or “other” EMS model
agency (74%), agencies with 21-100 employees (81.3%), and agencies with base sites
located in urban areas (74.4%; Table 1). Respondents were evenly distributed across three-
levels of call volume (30.5% <5,000 dispatches; 33.9% 5,001-15,000; and 35.6% >15,000).

Sleep Quality

Fatigue

Psychometric tests confirmed that, in this study sample, the PSQI had positive reliability and
internal consistency in this study sample (¢=0.72). The component score-total Pearson
correlation coefficients ranged from 0.53 (p<0.0001) for the Use of Sleeping Medications
component to a high of 0.70 (p<0.0001) for the Sleep Duration component. The mean
component score to total PSQI score Pearson correlation (0.61) was comparable to prior
studies.l’

The mean PSQI score was 6.9 (95% CI 6.6, 7.2) and ranged from 0 — 20. Greater than half
of all respondent PSQI scores exceeded the 6.0 benchmark for poor sleep quality (n=304,
59.5%; 95% CI 55.2-63.8%). The proportion of respondents with poor sleep scores was
higher among full-time workers, respondents that commonly worked 24-hour shifts, and
among those that worked at more than one EMS agency (p<0.05; Table 2). The mean sleep
quality score among fatigued respondents was 3.1 points higher than the non-fatigued
(p<0.0001, Figure 1).

Psychometric tests confirm the CFQ had positive reliability and construct validity properties
in this study sample. Cronbach’s coefficient alpha was acceptable for both physical and
mental fatigue constructs (0.88 and 0.69, respectively). Component score-total Pearson
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correlation coefficients for physical and mental fatigue were 0.94 (p<0.001) and 0.78
(p<0.001). The CFA findings confirm the data fit the hypothesized two construct model:
SRMR=0.05, GFI=0.91, CFI=0.92, NNFI=0.88, and NFI=0.91. Item-construct Pearson
correlations ranged from 0.45 to 0.76 and construct-to-construct Pearson correlation was
0.53.

Greater than half of respondents were classified as fatigued while at work (n=281, 55.0%;
95% CI 50.7, 59.3%). The proportion of respondents classified as fatigued was highest
among full-time workers, persons working 6-15 shifts monthly, respondents that commonly
worked 24 hour shifts, and respondents with fair or poor self-rated general health (p<0.05;
Table 2).

Eighteen percent of respondents reported being injured in previous three months (n=91,
17.8%, 95% Cl 13.5, 22.1%; Table 2). The proportion of EMS workers injured was higher
among paramedics and respondents working 6-15 shifts monthly than among respective
reference groups (p<0.05; Table 2). Odds of injury were 2.3 times higher among
respondents with poor sleep than respondents with good sleep (OR=2.3, 95%CI 1.3, 3.9;
Table 3, Figure 2). Odds of injury were 2.9 times higher among fatigued respondents than
non-fatigued (OR=2.9, 95%ClI 1.8, 4.6; Table 3, Figure 2).

Medical Error and Adverse Events

Four of every 10 respondents reported one or more medical errors or AEs in the previous
three months (n=210, 41.1%, 95% CI 36.8, 45.4%; Table 2). The proportion of respondents
reporting a medical error or AE was highest among the youngest age stratum (17-25 years),
white respondents, certified paramedics, persons with fewer years of EMS experience,
respondents working 6-15 shifts monthly, and among respondents that work longer shift
hours and at more than one EMS agency (p<0.05; Table 2). Odds of reporting an error or AE
in previous three months were 50% higher among respondents with poor sleep than
respondents with good sleep (OR=1.5, 95%CI 1.0, 2.1; Table 3, Figure 2). Odds of error and
AE were 2.3 times higher among fatigued respondents than non-fatigued respondents
(OR=2.3, 95%ClI 1.5, 3.3; Table 3, Figure 2).

Safety Compromising Behaviors

Ninety percent of respondents perceived that their safety or the safety of their patients was
compromised during the prior three months of work (89%, 95%CI 87%, 92%; Table 2). The
proportion of respondents with perceptions of compromised safety was highest among
certified paramedics and among respondents that commonly worked longer shift hours
(p<0.05, Table 2). Odds of perceived compromised safety were 2.7 times higher among
respondents with poor sleep than respondents with good sleep (OR=2.7, 95%Cl 1.6, 4.5;
Table 3, Figure 2). Odds of perceived compromised safety were 4.9 times higher among
fatigued respondents than the non-fatigued (OR=4.9, 95%CI 2.4, 9.8; Table 3, Figure 2).

Cluster Adjusted Multivariable Logistic Models

The odds that a respondent with poor sleep or fatigue would report an injury were attenuated
after adjusting for poor sleep and fatigue simultaneously and all possible confounders (Table
3, Figure 2). The association between poor sleep and injury was reduced to non-significance
while odds of injury related to fatigue remained statistically significant (OR=1.9, 95% CI
1.1, 3.3; Table 3, Figure 2). Similar to the adjusted model for injury, odds of error or AE
were reduced after controlling for poor sleep, fatigue, and possible confounders. Odds of an
error or AE are highest among whites, paramedics, respondents with the least years of EMS
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experience, and respondents that work 6—15 shifts monthly (Table 3, Figure 2). Finally, the
odds that a respondent with poor sleep or fatigue perceived his or her personal or patient
safety as compromised in previous three months was reduced after controlling both poor
sleep and fatigue and possible confounders (Table 3, Figure 2).

DISCUSSION

In this study sample of EMS workers, we identified associations between sleep quality,
fatigue, and self-reported safety outcomes. More than half of respondents had poor sleep
quality or severe fatigue while at work. Fatigue was associated with all three composite
measures of safety outcomes after controlling for confounding variables. Our findings are
early evidence that poor sleep quality and fatigue may jeopardize patient and provider safety
in the EMS setting.

In this study sample, the number of shifts worked monthly was linked to reported errors and
AEs but not injury or perceptions of compromised safety. Longer shift hours (24 vs. <12
hours) were not associated to higher odds of negative safety outcomes. In contrast, nurses
working shifts > 12.5 hours commit more medical errors than those working shorter shifts.2?
Medical interns experience a substantial reduction in errors when extended work shifts were
eliminated and the number of weekly work hours was reduced.3? Extended-duration work
shifts may contribute to fatigue and impair performance and safety.28 Long periods without
rest can impair cognitive and motor performance, even to the degree of alcohol
intoxication.3! Shift length for EMS workers can be long and interrupt normal circadian
sleep periods resulting in detrimental effects on EMS worker performance and patient care
quality.28. 32

The lack of association between shift length and safety outcomes in this study sample may
be explained by an unmeasured factor in this study: varying amounts of workload during
shifts measured at the individual worker level. An EMT’s workload is variable and
influenced by many factors. Dispatch timing and the amount of work required for a given
response are often unpredictable. Workload depends on call volume, proximity to receiving
facilities, crowding in the Emergency Department, and a host of other factors. Many EMS
workers may be busy the entire shift while others may have time to include a nap or rest
during downtime to curb fatigue and sleepiness.

High workload during shift work is associated with higher odds of negative safety outcomes
in other settings.33 34 In a study of hospital-based nursing care, a higher rate of pneumonia
and urinary tract infections was linked to increased workload and limited staffing.3> We did
not capture workload at the individual level. Excluding safety-compromising behaviors, we
did not detect differences in safety outcomes, sleep quality, or fatigue across three stratums
of agency call volume. It may be that respondents that traditionally work 24-hour shifts rest
and reduce odds of a negative outcome. Our finding higher odds of a medical error or AE
among respondents that work 6-15 shifts per month is provocative and deserves further
study involving an individual or team-level measure of workload.

Research subsequent to the release of the Institute of Medicine’s (IOM) 2008 report on
resident hours resulted in aggressive action adopted by the Accreditation Council for
Graduate Medical Education (ACGME).36 A parallel effort targeting EMS workers may
lead to new studies and research to improve our understanding of the causal relationships
between fatigue, sleep, shift hours, and safety outcomes. These data suggest that number of
shifts and total fatigue may be important targets for intervention in EMS workers in place of
shift length.
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LIMITATIONS

Our findings may not generalize to all EMS workers. This study utilized a convenience
sample of EMS providers that resemble EMS workers across the U.S. (Table 4). Our
response rate is comparable to prior multi-agency studies of EMS workers and other survey-
based research of health care professionals.3”- 38 Several differences between respondents
and non-respondents may impact study findings. The proportion of non-respondents
certified at the EMT-Paramedic level was lower than respondents (48% vs. 59%, p<0.0001).
The proportion of non-respondents that work full-time was lower than the proportion among
respondents (57% vs. 76%; p<0.0001). Non-respondents had fewer median years of agency
service than respondents (4 vs. 5; p<0.05).

We developed our own measure of safety outcomes given a lack of standardized
measurements for safety outcomes in EMS. We used a modified Delphi consensus-driven
approach and a multidisciplinary panel in light of known limitations with independent
reviews and ratings of outcomes by medical oversight physicians.3% 40 The EMS-SI tool is
unique to EMS, but comparable to a patient safety indicator tool developed by AHRQ and
tested in prior large scale safety studies.20

The self-report nature of our safety outcome measures is a strength and weakness. We
adopted a three-month period of recall in recognition that occupational epidemiologists
consider the accuracy of recall to diminish several months post event.1: 42 In prior research,
EMTs under report medical errors and adverse events by an estimated 4%.43-4° There is
additional evidence that between 11% and 32% of occupational injuries and accidents are
not voluntarily reported.*6: 47 Underreporting may be attributed to an unwillingness to
report, particularly in agencies where a fear of retribution may result from a poor safety
culture. The EMS-SI may not provide a complete picture of error, AE, and safety
compromising behaviors in EMS agencies. We believe it can provide a window into specific
behaviors and actions that threaten EMS safety. The distribution of EMS-SI responses
across demographic factors (i.e. certification level) deserves further study. For example, is
the proportion of EMT-Paramedics answering in the affirmative for safety-compromising
behaviors most often associated with on-the-job experience or some other factor?
Modifications to the EMS-SI are warranted to include new items that may capture additional
actions and behaviors that threaten safety. Additional research is needed to examine the
association between self-report and actual reported outcomes. Managers and medical
directors may wish to use this tool in an anonymous fashion as an initial step towards
identifying specific threats to safety that go undocumented using existing quality assurance
or reporting mechanisms.

We believe our findings do not highlight the true strength, but underestimate the association
between sleep quality, fatigue, and safety outcomes. Our findings may be impacted by
individual-level work-related characteristics not captured as part of our study protocol. For
example, we did not include a measure of individual EMS worker workload or ask if
respondents were allowed to take naps or engage in other rest behaviors during shift work.
We believe that future research should include these measures to determine their association
with sleep, fatigue, and safety outcomes. Our findings provide preliminary evidence that in
one subset of the EMS population, sleep quality and fatigue are important indicators of
safety.

CONCLUSIONS

In this sample of EMS workers, poor sleep quality and fatigue are common. We provide
preliminary evidence of an association between sleep quality, fatigue, and safety outcomes.
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Figure 1. Association between poor sleep quality scores and fatigue
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Notes: This box plot illustrates medians, the 251 and 75™ percentiles, and range of PSQI
scores stratified by fatigue status.
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Figure 2. Crude and cluster/confounding-adjusted odds of safety outcomes associated with poor
sleep and fatigue
Notes: Adjusted odds ratios from Table 3. These ORs were adjusted for clustering within

agencies and confounding.
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Sample Demographics

Table 1

Study Sample NE30 (10096) | NSS11 (100%)
Census Region
Midwest 16 (53.3%) 176 (34.4%)
Northeast 9 (30.0%) 195 (38.2%)
West 3 (10.0%) 120 (23.5%)
South 2 (6.7%) 20 (3.9%)
Agency Classification
Hospital Based 4 (13.3%) 72 (14.1%)
Fire Based 1(3.3%) 8 (1.6%)
31d Service/Government 11 (36.7%) 238 (46.6%)
Rescue Squad 2 (6.7%) 53 (10.4%)
Other 12 (40.0%) 140 (27.4%)
Agency Ownership
Private For-Profit 1(3.3%) 9 (1.8%)
Private Non-Profit 25 (83.4%) 383 (75.0%)
Government Funded 2 (6.7%) 81 (15.9%)
Member Supported 1(3.3%) 25 (4.9%)
Other 1 (3.3%) 13 (2.5%)
Number of Employees
1-20 Employees 5 (16.7%) 29 (5.7%)
21-50 Employees 12 (40.0%) 170 (33.3%)
51-100 Employees 10 (33.3%) 245 (48.0%)
101-400 Employees 3 (10%) 67 (13.1%)
Agency Call Volume
<5000 16 (53.3%) 156 (30.5%)
5001-15,000 8 (26.7%) 173 (33.9%)
>15,000 6 (20.0%) 182 (35.6%)
Rural/Urban Status
Rural (RUCA code >4) 12 (40.0%) 131 (25.6%)
Urban (RUCA code < 4) | 18 (60.0%) 380 (74.4%)
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Table 3

Odds of safety outcomes adjusted for confounding and clustering

Injury Model OR (95%Cl)

Error or Adverse Event Model

Compromised Safety Model

(Unadjusted) Poor Sleep 2.3(1.3,3.9) 15(1.0,2.1) 2.7(1.6,4.5)
(Unadjusted) Fatigue 2.9(1.8,4.6) 2.3(15,3.3) 4.9(2.4,9.8)
(Adjusted) Poor Sleep 1.6(0.8,3.1) 1.1(0.6,1.9) 1.7 (1.0,3.1)
(Adjusted) Fatigue 19(1.1,33)" 22(14,33)" 36(15,83)"
Age
17-25 years REF
26-35 years 0.6 (0.3,1.2)
36-45 years 0.6 (0.3, 1.3)
>46 years 0.4(0.2,1.1)
Race *
White REF
African American & Other 0.4 (0.2,0.9)
Alcohol Intake per Week
Do not drink alcohol REF
1-3 drinks 1.3(0.8,2.1)
4-10 drinks 1.2(0.7,1.9)
>10 drinks 2.0 (1.0,3.8)
Self-Rated General Health
Excellent REF
Good 1.3(0.8,2.1)
Fair or Poor 2.0(0.7,5.8)
Certification * *
EMT-Basic REF REF REF
EMT-Paramedic 1.6 (1.0, 2.5) 5.3(3.1,9.1) 2.6 (1.5, 4.5)
Years Experience *
0-10 years REF
11-20 years 0.5(0.3,0.9)
>21 years 0.3(0.2,0.6)
Employment Status
Full-Time REF
Part-Time 1.1(0.4,2.5)
Volunteer 0.7 (0.07,7.2)
Number of Shifts per Month *
0-5 shifts REF REF
6-15 shifts 3.8(1.1,12.7) 3.2 (1.6, 6.3)
>16 shifts 4.0 (1.1,14.0) 2.9 (1.4, 6.0)

Shift Most Commonly Work
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Injury Model OR (95%CI) | Error or Adverse Event Model | Compromised Safety Model

<12 hours REF REF REF

24 hours 1.4(0.8,2.5) 0.8 (0.5, 1.3) 1.1 (0.6, 1.8)

Agency Call Volume

<5,000 REF
5,001~15,000 1.7 (1.0-2.9)
>15,000 0.9 (0.5-1.9)

Notes:

*

=indicates the variable was statistically significant at p<0.05 in the full cluster and confounding adjusted model. We assessed the fit of our logistic
models by evaluating three measures of model fit and four global tests in response to eliminating non-significant variables from our full models as
shown in this table. The Akaike Information Criterion (AIC) and Schwarz Criterion (SC) are commonly listed statistics of model fit for logistic
regression models with smaller values of AIC and SC indicating better the model fit. We determined that the change in values of AIC and SC is
insignificant for reduced models of all three outcomes indicating the full model is an adequate fit of study data. Other commonly cited model fit

statistics include the Adjusted R2, Likelihood Ratio Chi-Square Test, Score Chi-Square Test, and Wald Chi-Square Test. The higher the Adjusted

R2 value, the greater the proportion of variance the fitted model has explained in the data. The Likelihood Ratio Chi-Square, Score Chi-Square, and
Wald Chi-Square test the null hypothesis that all variables in the model are equal to zero, with the alternative that at least one variable is not equal
to zero. For all three models, the three chi-square tests were reduced but remained statistically significant following a reduction in the number of

variables in the models. For all three outcomes, the Adjusted R2 statistics were reduced following a drop in the number of non-significant
independent variables in the models. Taken together, these statistics suggest that while the three full fitted models shown in this table can be
improved, our full (fitted) models fit the data well and a reduction in independent variables has an insignificant impact on model fit.
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The EMS Safety Inventory
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Question Number | Item Stem: In the previous 3 months Scale Category
1 ....I was injured during a shift. A Injury
4 ...1 received a needle stick injury. A Injury
11 ...1 did not establish an IV after two attempts because... B Error or AE
12 ... 1 did not use a secondary treatment device when the preferred failed (e.g. B Error or AE
10 instead of 1V access, king airway instead of ET tube) because...
13 ...1did not check a glucose level in a patient with altered mental status B Error or AE
because...
14 ....I did not check a glucose level in a diabetic patient with nausea and B Error or AE
vomiting because...
...1 did not perform an airway intervention (e.g. BVM, Intubation, King/ B Error or AE
15 Combitube) on a patient with Congestive Heart Failure while enroute to the
hospital because...
16 ...1 did not intubate a patient in respiratory arrest because... B Error or AE
17 ...1 did not place a patient on the monitor because B Error or AE
18 ...1 did not perform a 12-Lead EKG on a patient with chest pain because... B Error or AE
19 ...1 did not perform a 12-Lead EKG on a patient with STEMI because... B Error or AE
20 ...I confirmed a STEMI but did not administer aspirin when warranted B Error or AE
because...
21 ...l administered the wrong medication by not checking the label because... Error or AE
2 ... administered the wrong dose of medication by not confirming the dose Error or AE
because...
...I transferred a patient at the Emergency Department (ED) with an B Error or AE
23 unrecognized esophageal intubation (ET tube placed in esophagus rather
than trachea) because...
24 ...1 did not secure an embedded object in a wound instead of securing the B Error or AE
object with bandages and accidently removed it because...
25 ...1did not print and properly interpret a 6 inch EKG strip because... B Error or AE
26 ...1 did not properly size a piece of equipment and then used it on a patient B Error or AE
(e.g. ET tube, C- Collar, Airway Adjunct, IV Catheter) because...
27 ....1 did not transport a specialty care patient to a specialty care facility (i.e. B Error or AE
Trauma, Stroke, Pediatric) because...
28 ...I accidentally started an 10 in a location outside of protocol. A Error or AE
29 ...I made a patient with chest pain ambulate instead of using a stretcher. A Error or AE
30 ...1 did not administer the necessary treatment for a specific condition/ A Error or AE
malady.
32 ...1 accessed a dialysis port or other vascular device outside of protocol. A Error or AE
33 ...l accidentally dislodged an ET tube. A Error or AE
31 ...I'placed an IV into an artery instead of into a vein. A Error or AE
34 ...l accidentally dropped a patient while on a transportation device (i.e. A Error or AE
stretcher, stair chair).
35 ...l accidentally caused physical injury to a patient moving the patient. A Error or AE
2 ...I'was overly stressed during a shift. A Safety-Compromising Behavior
3 ...1 found myself at an unsafe scene. A Safety-Compromising Behavior
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Question Number | Item Stem: In the previous 3 months Scale Category

5 ...I may have been contaminated with copious amounts of patient bodily A Safety-Compromising Behavior
fluids.

6 ...I'was involved in a collision involving one of my agency’s vehicles. A Safety-Compromising Behavior

7 ...I'have reported for my shift without getting adequate rest beforehand. A Safety-Compromising Behavior

8 ...I have reported for my shift after drinking alcohol within the previous 8 A Safety-Compromising Behavior
hours.

9 ....1 did not complete a pre-shift check of equipment and medications B Safety-Compromising Behavior
because...

10 ...1 did not restock the ambulance before a call or shift because... B Safety-Compromising Behavior

36 ...I'have “fudged” information on a patient care report (i.e. vitals, A Safety-Compromising Behavior
chronology of events).

37 ... felt vulnerable to harm due to lack of appropriate PPE (i.e. BSI, Turnout A Safety-Compromising Behavior
Gear, etc).

38 ... felt that a patient’s safety was jeopardized because my agency did not A Safety-Compromising Behavior
provide me with updated equipment.

39 ... felt that my safety was jeopardized because my agency did not provide A Safety-Compromising Behavior
me with updated equipment.

40 ... felt that a patient’s safety was jeopardized because my agency did not A Safety-Compromising Behavior
provide me with updated protocols/policies/procedures.

M ...I felt that my safety was jeopardized because my agency did not provide A Safety-Compromising Behavior
me with updated protocols/policies/procedures.

42 ...I' have exceeded the speed limit while routinely driving the unit in a non- A Safety-Compromising Behavior
emergency mode.

43 ...I have greatly exceeded the speed limit while responding lights and sirens A Safety-Compromising Behavior
(i.e. more than 15 mph over the posted speed limit).

2 ...My “Chute Time” (Time from call received to rolling) was greater than 1 A Safety-Compromising Behavior
minute.

Scale  Response

Negative Safety Outcome

A Definitely Not

Probably Not

1I’m Not Sure
Probably Yes Yes
Definitely Yes Yes
Do Not Wish to Answer
Not Applicable to Me

B Ran Out of Time Yes
Forgot to Perform Yes
Not Part of Protocol
Did Not Think it was Necessary Yes

Contraindicated

Do Not Wish

to Answer

Not Applicable to Me
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